The anthraquinone profile, antioxidant and antimicrobial activities as well as the total phenol and total flavonoid contents were determined in methanol extracts of the barks of Rhamnus catharticus L. and R. orbiculatus Bornm. The most abundant anthraquinone derivatives in R. catharticus were physcion (67.8%) and emodin (26.2%), while R. orbiculatus contained mostly physcion (81.3%) and chrysophanol (14.6%). R. catharticus displayed better activity in the -carotenelinoleic acid assay, as well as chelating activity, whereas its activity in the reducing power assay was significantly lower than that of R. orbiculatus. Both methanol extracts showed antimicrobial activity against all microbial species tested (Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Candida albicans, Aspergillus niger, Microsporum gypseum) with MIC values either equal to or lower than 2.50 mg/mL. R. catharticus and R. orbiculatus contained several anthranoid aglycones and their bark extracts demonstrated notable antioxidant and antimicrobial properties. The results obtained indicate the medicinal potential of these two species.
Reactive oxygen species (ROS) exert several important functions in normal metabolism. Besides taking part in intracellular signaling and regulation, they are involved in bacterial ingestion and killing by phagocytes. However, excess ROS production can lead to oxidative damage of cellular macromolecules, impair protein function, and trigger cell death. ROS may contribute to pathogenesis and/or development of many acute and chronic diseases, such as diabetes 1, cancer 2, cardiovascular 3, and several others. Among natural antioxidants, phenolic compounds are of special interest because of their pronounced antioxidant properties and wide distribution in the plant kingdom. Hydroxyl groups attached to aromatic rings create an electron-rich environment that traps the ROS, precluding them from reacting with nucleophilic centers in proteins and DNA 4. For example, phenolic compounds found in some Rhamnus species have been found to exert anti-mutagenic 5, antioxidant 6,7, antigenotoxic 6, anti-inflammatory 8 and bronchodilating 9 activities. On the other hand, anthraquinones have been found to be valuable and promising biologically active secondary metabolites exerting a wide range of pharmacological activities 10, and references cited therein].
The aim of this study was to compare the phenolic content and antioxidant activity of R. catharticus with those of R. orbiculatus bark extract and to evaluate the anthraquinone fingerprint of these two species.
Anthraquinone profile: Under the experimental conditions employed, the five anthraquinone standards could be separated for quantitative analysis. A selective baseline separation was achieved in 80 min. Under these conditions the retention time of the analytes were 11.7 ( 0.5), 18.9 ( 0.9), 36.8 ( 1.5), 42 ( 2) and 77 ( 2) min for aloe-emodin, rhein, emodin, chrysophanol, and physcion, respectively.
Calibration curves and sample analyses:
Calibration curves were obtained at a detection wavelength of 254 nm for five anthraquinones using a series of standard solutions over the concentration range from the LOQ of each analyte to 200 μM (upper limit of quantification). All calibration curves were linear over the concentration range tested with the determination coefficients ≥0.9899. For each analyte the limit of detection (LOD, S/N = 3) was 5 μM, the LOQ (S/N = 10) 10 μM at 254 nm, and the precision (RSD%) in the range 5.677.99% at three quality control levels (10, 100, 200 μM, n = 3); while the trueness was in the range The anthraquinone profiles of R. catharticus and R. orbiculatus revealed the presence of emodin, chrysophanol, and physcion, while aloe-emodin and rhein were below the limit of quantification (10 μM). The most represented anthraquinone derivative in R. catharticus and R. orbiculatus was physcion (67.8% and 81.3%, respectively).
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As revealed in our previous studies 10,11, the HPLC methodology we describe herein is simple, accurate, and selective for the separation and quantification of anthraquinones in Rhamnus plant extracts ( Figure 1 ). 
Dilutional linearity:
In order to evaluate the effect of dilution on the correctness of quantitative analyses, a parallelism test was made. Standard solutions with concentrations of analyte markedly higher than the highest calibration point were subjected to dilution with the mobile phase. After quantification using the calibration curve, bias % and precision values were calculated and the results obtained certified that the sample dilutions with the mobile phase did not affect the final dosage.
Antioxidant activity
-Carotenelinoleic acid assay: The basis of -carotene linoleic acid assay is discoloration of -carotene in reaction with linoleic acid at elevated temperatures 12.
The decrease of absorbance of -carotenelinoleic acid emulsion in presence of the extracts is shown in Figure 2 .
It can be seen that BHA was the most efficient in preserving the -carotene, while the emulsion without antioxidant discolored rapidly. The emulsions with R. orbiculatus and R. catharticus extracts were moderately efficient antioxidants. Comparison of their ANT values ( Table 2) shows that while both extracts were weaker antioxidants in this assay than BHA, R. catharticus extract showed stronger antioxidant activity than that of R. orbicularis. The difference in activity of the extracts is probably due to the differences in their chemical compositions. DPPH radical-scavenging activity: Being a stable free radical, DPPH is frequently used to determine radicalscavenging activity of natural compounds. In its radical form, DPPH absorbs at 517 nm, but upon reduction with an antioxidant, its absorption decreases due to the formation of its non-radical form, DPPH-H 13. In this study, extracts of the investigated Rhamnus species showed a noteworthy radical scavenging activity, albeit lower than that of BHA ( Table 2 ). The activity of R. catharticus extract was higher than that of R. orbiculatus. Extracts of Rhamnus species have been previously investigated for their antiradical activity. For example, flavonoid-enriched extracts of R. alaternus roots and leaves have been studied for their reactivity with the DPPH free radical 5. According to the EC 50 values obtained in the present work, both investigated extracts obtained were more effective radical scavengers than the extracts investigated by Ammar et al., despite their high levels of flavonoids 5. Values are means ± SD (n = 3). Standard  standard: a = BHA, b = ascorbic acid, c = EDTA, d = quercetin. AC differences within columns (samples not connected by the same letter are statistically different at p < 0.05). Reducing power of the extracts: Figure 3 presents the reductive capabilities of the Rhamnus spp. bark extracts. The reducing power of ascorbic acid and the extracts increased with concentration. The increase showed a good linear correlation in the case of the extracts (r 2  0.99), while the absorbance of the reaction mixture with ascorbic acid remained relatively constant at higher concentrations (r 2 = 0.81), most likely due to limitations of the Beer-Lambert law.
Thus, for the purpose of comparison, slopes of the trend lines (SRP) were calculated for the three lowest concentrations, where r 2 > 0.97 for all the samples (Table  3 ). R. orbiculatus showed a higher reducing power than R. catharticus. However, the activity of both extracts was lower than the activity of ascorbic acid.
Chelating activity:
In the Fenton reaction free ferrous iron reacts with oxygen and gives rise to ferric iron and superoxide, thereby generating hydrogen peroxide. The so formed hydrogen peroxide reacts with ferrous iron and generates the hydroxyl radical, which may subsequently oxidize surrounding biomolecules. In pathological states involving iron overload or impaired sequestering of iron by transport or storage proteins, Fenton chemistry is an important generator of ROS in vivo 14. Ng et al. 6 found that R. nakaharai is a source of phenolic compounds with prominent chelating activities. Thus, chelating ability of the extracts toward ferrous ions was investigated ( Table  2 ). The R. catharticus extract showed only a modest chelating ability towards ferrous ion with an EC 50 value > 1 mg/mL. R. orbiculatus extract demonstrated significantly higher chelating ability, although lower than that of either EDTA or quercetin.
Total phenol (TF) and flavonoid (TF) content: TP and TF in the extracts are presented in Table 2 . Rhamnus species contain several phenolic substances of which therapeutically, the most interesting are anthranoid derivatives in Rhamni cathartici fructus (R. catharticus L.) and Rhamni purshiani cortex (R. purshianus DC.), two drugs that are listed in DAB 1999 and PhEur 5, respectively 15. Besides anthranoids, other phenolics have been found in Rhamnus spp., such as flavonoids 5, chalcones 16 and naphthalene derivatives 6]. Contents of flavonoids and other phenolic compounds in R. catharticus extract were approximately a third higher than those of the same compounds in R. orbiculatus. Some studies showed that the extracts having higher TP also had higher DPPH radical-scavenging activity 17. This is in accordance with the results presented here, because the R. catharticus extract, which was richer in TP, also demonstrated higher activity in the same test. In addition, R. catharticus displayed better activity in the -carotenelinoleic acid assay. However, the activity of R. catharticus extract in the reducing power assay was significantly lower than that of R. orbiculatus extract. Similarly, the chelating activity of R. orbiculatus was higher than that of R. catharticus. It may be hypothesized that, other than phenols, differently structured secondary metabolites could be responsible for the activity in those assays.
Antimicrobial activity:
The results of the antimicrobial activity of methanol extracts of R. catharticus and R. orbiculatus barks are shown in Table 3 . In the diffusion assay, all microbial species tested showed susceptibility to 1278 Natural Product Communications Vol. 6 (9) 2011
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the extracts with zones of inhibition between 10 and 14 mm, respectively. Because of some experimental drawbacks in the diffusion assay, such as poor diffusion of bioactive compounds through agar, the broth microdilution assay was performed. Both methanol extracts showed antimicrobial activity against all microbial species tested, with MIC values equal to or lower than 2.50 mg/mL. Generally, there were no differences between antimicrobial activity of methanol extracts of Rhamnus catharticus and R. orbiculatus barks. Slightly lower MIC values were found against the dermatophyte species, Microsporum gypseum, and the yeast, Candida albicans, compared with those of bacterial species.
In conclusion, the anthraquinone profiles of the two Croatian Rhamnus species revealed that the most abundant anthraquinone derivatives in R. catharticus were physcion and emodin, while in R. orbiculatus they were physcion and chrysophanol. R. catharticus displayed better activity in the -carotenelinoleic acid assay, as well as chelating activity, while the activity of R. catharticus in the reducing power assay was significantly lower than that of R. orbiculatus. Both methanol extracts showed antimicrobial activity against all the microbial species tested, with MIC values equal to or lower than 2.50 mg/mL. The obtained results indicate the medicinal potential of these two species. Bark was removed from the stem and dried for 3 weeks, in one layer, in a well-ventilated room, protected from direct sunlight. To limit oxidation and photo-oxidation, air-dried samples were placed in double paper bags, closed in a dark container and stored in a dry place protected from light and stored for 5 months until analysis.
Experimental

Plant material and chemicals:
Anthraquinone standards emodin (>99%), rhein (>99%), chrysophanol (>99%), aloe-emodin (>99%) and physcion (>99%) were purchased from Extrasynthese (Genay, France). Double-distilled water was obtained using a Millipore Milli-Q Plus water treatment system (Millipore Bedford Corp., Bedford, MA, USA 
Chelating activity (ChA):
The chelation of iron (II) ions was studied as described by Decker and Welch 20.
Chelating activity was expressed as ChEC 50 , the concentration that chelates 50% of Fe 2+ ions and thus has ChA = 50%.
Total phenol content (TP):
The Folin-Ciocalteau colorimetric method was used to determine the TP content of extracts 21. The TP content was calculated from a calibration curve of gallic acid and expressed as gallic acid equivalents.
Total flavonoid content (TF):
The method of Kumazawa et al. 22 was used to determine the TF content, which was expressed as quercetin equivalents (mg/g) from a calibration curve recorded for this standard.
Antimicrobial susceptibility testing: Inoculums were prepared with fresh cultures of microbial strains, maintained on either tryptic-soy agar or Sabouraud 2% (w/v) glucose agar for 18 h (48 h for fungi) at 37ºC with physiological saline containing 1.5 × 10 8 CFU (colony forming units)/mL (0.5 McFarland units). Density of inoculum was adjusted using a nephelometer (ATB 1550, BioMérieux, France). The cylinder-plate diffusion method was used for determination of zones of inhibition. 1 mL of inoculum was mixed with approximately 22 mL of Müller-Hinton agar for bacterial strains and Sabouraud 2% (w/v) glucose agar for the fungi. After cooling, the inoculated agars at room temperature for a maximum of 25 min, holes (d = 6 mm) were made with stainless steel cylinders. Fifty μL of the infusion was dropped into each hole. In order to accelerate the diffusion of infusions into the agar, plates were incubated at +4ºC for 1 h followed by incubation at +37ºC for 18 h under aerobic conditions. The results of the diffusion method displayed as zones of growth inhibition were calculated as the mean of 2 experiments. Minimal inhibitory concentration (MIC) was determined by the twofold micro-dilution method in Müller-Hinton broth for bacterial strains and RPMI 1640 broth for fungi according to the Clinical and Laboratory Standards Institute (formerly NCCLS) M7-A4 and M-27A recommendations 23,24. MIC was defined as the lowest concentration of extract that allowed no more than 20% growth of microbes after incubation of 10 µL of each concentration on the surface of agar at 37ºC for 48 h, and MMC as the lowest concentration leading to a microbicidal effect (no growth after re-incubation at the surface of an agar).
Statistical analyses:
Antioxidant capacity was determined in triplicate and the results were expressed as mean ± SD. Statistical comparisons were made using Student's t-test. Statistical analyses were performed using the JMP V6 from SAS software (SAS Institute, Cary, NC, USA). A value of p < 0.05 was considered statistically significant.
